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[57] ABSTRACT 

AC voltage is applied to a resonant unit provided With an 
inductor and a capacitor AC current is supplied to a dis 
charge tube connected to one of the inductor and the 
capacitor according to the switching operation of the tWo 
poWer semiconductor elements connected in a bridge man 
ner. The resonant unit and ?rst and second voltage drop units 
are connected in series betWeen I/O terminals of the bridge 
and the voltages of the ?rst and the second voltage drop units 
are applied as signals of opposite phases to control terminals 
of the tWo poWer semiconductor elements. 

20 Claims, 16 Drawing Sheets 
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LIGHTING DEVICE FOR ILLUMINATION 
AND LAMP PROVIDED WITH THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation-in-part application of US. appli 
cation Ser. No. 08/921,363, ?led on Aug. 29, 1997, now US. 
Pat. No. 5,977,725 the disclosure of Which is hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a lighting device for a 
discharge tube. 

In recent days, a discharge tube (for example, a ?uores 
cent lamp) is more likely to employ a system arranged to 
convert a DC voltage into a high-frequency AC voltage 
through the effect of a lighting circuit composed of an 
inverter and to apply the high-frequency AC voltage into a 
resonant load circuit containing the discharge tube itself. 
The resonant load circuit also contains a resonant inductor 
and a resonant capacitor for setting a resonant frequency. 
This type of lighting circuit includes an inverter circuit 
composed of tWo poWer semiconductor sWitching elements 
connected betWeen a positive and a negative polarities in a 
half-bridge structure, Which is operated to apply the high 
frequency AC voltage onto both ends of the resonant load 
circuit. The Waveform of the current ?oWing through the 
resonant load circuit (referred to as resonant current) is 
resonated into a sinusoidal Waveform through the effect of 
the inductor and the capacitor. This resonant current is 
controlled by changing an operation frequency of the 
inverter. 
As a prior art for stabiliZing the driving frequency of a 

sWitching element, there has been proposed a stabiliZing 
circuit disclosed in JP-A-8-45685. This circuit provides a 
half-bridge circuit for supplying an AC voltage to the 
resonant load circuit containing the discharge lamp and is 
operated to divide part of the resonant current into a capaci 
tor and a feedback transformer and apply a control signal to 
the sWitching element betWeen a high side and a loW side of 
the half-bridge circuit according to a voltage on the second 
ary side of the feedback transformer. Unlike the normal 
?uorescent lamp, this prior art discusses the lighting device 
for an electrodeless ?uorescent lamp for generating plasma 
through magnetic lines of force emitted from an exciting 
coil. The electrodeless lamp operates to supply high 
frequency current of several megahertZ to a solenoid type 
exciting coil and thereby emit magnetic lines of force for 
generating ions inside of a bulb through the inductive 
discharge and form those ions as discharge current in a 
closed loop (plasma) through the effect of electromagnetic 
coupling applied by the force of magnetiZation. Mercury 
vapor in the plasma is excited by the inductive electric ?eld 
so as to ?re ultraviolet rays onto a ?uorescent material 
coated on the inside of the tube on Which the ultraviolet rays 
are converted into visible rays. 

SUMMARY OF THE INVENTION 

The foregoing prior art is arranged to supply a control 
signal having the same frequency as the resonant current to 
the half-bridge circuit through the feedback transformer. 
That is, this prior art is a self-excited circuit that keeps the 
half-bridge circuit in operation Without any signal supplied 
from the external and thus is suitable to the high-frequency 
operation. HoWever, the feedback transformer has self 
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2 
inductance, Which brings about a phase difference betWeen 
the control signal and the resonant current and furthermore 
a slip of the frequency of the control signal from a suitable 
value. The phase difference and the slip of the frequency 
may alloW pass current to ?oW through the half-bridge 
circuit, thereby disadvantageously increasing the loss. 
Hence, a ?rst problem to be solved by the present invention 
is to provide lighting circuit means Which stabiliZes at high 
frequency. 
The electrodeless ?uorescent lamp to be controlled by the 

prior art provides an exciting coil. The use of the exciting 
coil as a resonant inductor may be effective in reducing the 
cost of parts and the circuit in siZe. HoWever, the plasma 
may given an in?uence onto an equivalent inductance of the 
exciting coil, Which means that the equivalent inductance is 
varied depending on the luminescent state of the lamp. 
Hence, a second problem to be solved by the present 
invention is to implement the lighting circuit that may use 
the exciting coil of the electrodeless ?uorescent lamp as the 
resonant inductor. 

As described above, an object of the present invention is 
to provide a lighting device Which stably operates at a high 
frequency and is small in siZe and cost. 
The foregoing object may be achieved by a lighting 

device for illumination for applying an AC voltage to 
resonating means having an inductor and a capacitor accord 
ing to the sWitching operation of tWo poWer semiconductor 
elements connected in bridge and supplying AC current to a 
discharge tube connected to any one of the inductor and the 
capacitor, comprising ?rst and second voltage drop means 
and said resonating means connected in series With an I/O 
terminal of the bridge, the voltages of the ?rst and the second 
voltage drop means being applied to each control terminal of 
the tWo poWer semiconductor elements as a signal of an 
opposite phase. 
The object of utiliZing the exciting coil of the electrode 

less ?uorescent lamp may be achieved by comprising a 
bridge circuit having tWo poWer semiconductor elements, a 
capacitor, the exciting coil, and the ?rst and the second 
voltage drop means connected in series between 1/0 termi 
nals of the bridge circuit, Wherein the voltages of the ?rst 
and the second voltage drop means may be applied to each 
control terminal of the tWo poWer semiconductor elements 
as a signal of an opposite phase through ?rst and second 
phase shift means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?rst schematic vieW shoWing a lighting circuit 
according to the present invention. 

FIG. 2 is a second schematic vieW shoWing a lighting 
circuit according to the present invention. 

FIG. 3 is a vieW shoWing a lighting circuit according to a 
?rst embodiment of the present invention. 

FIG. 4 is a vieW shoWing a ?rst equivalent circuit of a gate 
circuit shoWn in FIG. 3. 

FIG. 5 is a vieW shoWing a second equivalent circuit of a 
gate circuit shoWn in FIG. 3. 

FIG. 6 is an explanatory vieW shoWing an operation of an 
embodiment shoWn in FIG. 3. 

FIG. 7 is a graph shoWing relation betWeen a phase 
difference betWeen a resonant current and a gate voltage to 
be applied to a gate inductor and an operating frequency. 

FIG. 8 is a vieW shoWing a lighting circuit according to a 
second embodiment of the present invention. 

FIG. 9 is an explanatory vieW shoWing an operation of the 
embodiment shoWn in FIG. 8. 
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FIG. 10 is a third schematic diagram showing a lighting 
circuit according to the present invention. 

FIG. 11 is a vieW shoWing an equivalent circuit of an 
electrodeless lamp. 

FIG. 12 is a vieW shoWing an equivalent circuit of an 
electrodeless lamp before lighting. 

FIG. 13 is a vieW shoWing an equivalent circuit of an 
electrodeless lamp after lighting. 

FIG. 14 is a graph shoWing relation betWeen frequency 
and resonant current. 

FIG. 15 is a vieW shoWing a lighting circuit according to 
a third embodiment of the present invention. 

FIG. 16 is a graph shoWing relation betWeen a resonant 
load frequency and a phase difference betWeen resonant 
current and a gate voltage. 

FIG. 17 is a graph shoWing Waveforms of a drain voltage 
Vds, a gate voltage Vg and a resonant current IL of a gate 
circuit. 

FIG. 18 is a vieW shoWing a ?rst embodiment of a gate 
circuit. 

FIG. 19 is a vieW shoWing a second embodiment of a gate 
circuit. 

FIG. 20 is a vieW shoWing a lighting circuit according to 
a fourth embodiment of the present invention. 

FIG. 21 is a vieW shoWing a lighting circuit according to 
a ?fth embodiment of the present invention. 

FIG. 22 is an explanatory vieW shoWing an operation of 
the embodiment shoWn in FIG. 21. 

FIG. 23 is a vieW shoWing a lighting circuit according to 
a sixth embodiment of the present invention. 

FIG. 24 is an explanatory vieW shoWing an operation of 
the embodiment shoWn in FIG. 22. 

FIG. 25 is a vieW shoWing a lighting circuit according to 
a seventh embodiment of the present invention. 

FIG. 26 is a vieW shoWing a lighting circuit according to 
an eighth embodiment of the present invention. 

FIG. 27 is a fourth schematic vieW shoWing a lighting 
circuit according to the present invention. 

FIG. 28 is a fourth schematic vieW shoWing a lighting 
circuit according to the present invention. 

FIG. 29 is a sixth schematic vieW shoWing a lighting 
circuit according to the present invention. 

FIG. 30 is a vieW shoWing a lighting circuit according to 
a ninth embodiment of the present invention. 

FIG. 31 is an explanatory vieW shoWing an operation of 
the embodiment shoWn in FIG. 30. 

FIG. 32 is a vieW shoWing a lighting circuit according to 
a tenth embodiment of the present invention. 

FIG. 33 is an explanatory vieW shoWing an operation of 
the embodiment shoWn in FIG. 32. 

FIG. 34 is a vieW shoWing a lighting circuit according to 
an eleventh embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

FIG. 1 is a lighting circuit for supplying AC current to a 
discharge tube 16. The discharge tube 16 is mainly intended 
for an electrodeless ?uorescent lamp. A voltage source 15 
operates to supply a DC voltage to the lighting circuit of the 
discharge tube 16. Normally, the voltage source 15 operates 
to rectify an AC voltage through a diode-bridged rectifying 
circuit and generate a DC voltage. A pair of sWitching 
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4 
elements Q1 and Q2 connected in series is connected 
betWeen a positive and a negative electrodes of the voltage 
source 15, Wherein a contact betWeen the sWitching ele 
ments is denoted by O and a contact betWeen the sWitching 
element Q2 and the negative electrode of the voltage source 
15 is denoted by N. BetWeen the O point and the N point is 
series-connected voltage drop means Z1 and Z2, a resonant 
inductor Lr and a resonant capacitor Cr, in Which the 
capacitor Cr provides a discharge tube (or ?uorescent lamp) 
as a load in parallel. Those components compose a resonant 
load circuit, the current frequency of Which is determined by 
the value of each component. The mutual sWitching opera 
tion of the sWitching elements Q1 and O2 is executed to How 
bidirectional current through the resonant load circuit, 
thereby lighting up the discharge tube. The sWitching ele 
ment Q1 or O2 is an n-channel MOSFET, for example, 
Which provides a drain terminal to Which current is input, a 
source terminal from Which current is output, and a gate 
terminal to and from Which a control voltage is applied or 
removed. The application or the removal of the control 
voltage to or from the gate terminal alloWs the current 
?oWing betWeen the drain and the source to be conducted or 
cut off. The MOSFET contains a built-in diode located in the 
direction from the source terminal to the drain terminal. The 
diode built in O1 is QDl and the diode built in O2 is QD2. 
In FIG. 1, the gate circuits of the sWitching elements Q1 and 
Q2 correspond to the voltage drop means Z1 and Z2 of the 
resonant load circuit. The voltage generated by ?oWing 
current of the resonant load circuit through Z1 and Z2 is 
applied to the gate for the purpose of controlling the sWitch 
ing operation of the sWitching elements Q1 and Q2. The 
voltages of the voltage drop means Z1 and Z2 caused by the 
current of the resonant load circuit are opposite in polarity 
to each other With the O point or the N point as a reference 
level, Which causes the sWitching elements Q1 and O2 to be 
alternately sWitched. This keeps the self-excited drive in 
synchronous to the frequency of the current of the resonant 
load current. 

In the circuit of FIG. 1, the on and off timing of the 
sWitching elements Q1 and O2 is determined by the voltage 
drop means Z1 and Z2. For adjusting brightness of the 
discharge tube, the values of Z1 and Z2 are selected. Herein, 
the adjustment of the brightness of the discharge tube may 
be achieved by changing the magnitude of resonant current 
IL. As a sWitching frequency of the lighting circuit is rising 
against a resonant frequency of determined by the resonant 
inductor and the resonant capacitor, the current IL is 
decreasing. Based on this principle, the lighting device is 
operated to tune light by controlling the sWitching frequency 
f. For example, for reducing the current IL, it is possible to 
shorten the conducting period of the sWitching element and 
thereby enhance the sWitching frequency. As stated above, in 
FIG. 1, the voltage drop means operates to tune brightness 
of the discharge tube. FIG. 2 shoWs another lighting circuit 
provided With means for turning brightness. The similar 
parts of FIG. 2 to those of FIG. 1 have been described With 
respect to FIG. 1. Hence, the description about those parts is 
left out. In FIG. 1, the gate circuits of the sWitching elements 
Q1 and Q2 are the voltage drop means Z1 and Z2 of the 
resonant load circuit, While in FIG. 2, phase shift means Z3 
and Z4 are provided betWeen the gate terminals of the 
sWitching elements Q1 and Q2 and the voltage drop means 
Z1 and Z2. The phase shift means serve to delay or advance 
a phase When the voltage of the voltage drop means is 
applied betWeen a gate and a source of Q1 or Q2. This type 
of method makes it possible to optionally adjust the on and 
off timing of Q1 and Q2, thereby being able to tune light. 
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In FIG. 2, the voltage drop means Z1, Z2 or the phase shift 
means Z3, Z4 may be a capacitor, an inductor, a resistor or 
a combination of those components, for eXample. FIG. 3 
shoWs an embodiment of a concrete lighting circuit having 
passive elements as the voltage drop means Z1, Z2 and the 
phase shift means Z3, Z4. In this embodiment, the capacitor 
C1 served as the voltage drop means is provided betWeen the 
contact O and the resonant inductor Lr and the capacitor C2 
is provided betWeen the resonant capacitor Cr and the 
contact N. The C1 is connected in parallel to a resistor R1 
and the C2 is connected in parallel to a resistor R2. As the 
resistance is selectively made smaller With the DC compo 
nents to be overlapped With the voltages of C1 and C2, the 
voltage of the capacitor is made more variable in similar 
amplitude With the Zero voltage as a reference. The inductor 
L1 and the resistor Rdl both served as phase shift means are 
connected in series betWeen one end of the capacitor C1 and 
one gate end of Q1. L1 and Rdl bring about a phase lag 
When a voltage of C1 is applied betWeen the gate and the 
source of Q1. Likewise, L2 and Rd2 bring about a phase lag 
When a voltage of C2 is applied betWeen the gate and the 
source of Q2. Zener diodes ZD7 and ZD8 coupled in series 
and in opposite are provided in parallel betWeen the gate and 
the source of Q1. Likewise, Zener diodes ZD7 and ZD8 are 
provided in parallel betWeen the gate and the source of Q2. 
When an excessive voltage is applied betWeen the gate and 
the source, those Zener diodes serve to prevent breakage of 
the sWitching elements. The MOSFET having a Zener diode 
for preventing an excessive voltage built therein has been 
made commercially available. In the case of selecting this 
type of sWitching element, the foregoing Zener diodes may 
be removed from the circuit arrangement. 

In FIG. 3, for enabling Q1 and Q2 to be alternately 
sWitched, it is necessary to provide a circuit for starting the 
sWitching operation. Then, the starting circuit Will be 
described beloW. The starting circuit is arranged to connect 
resistors Rsl, Rs2 and a starting capacitor Cs in series 
betWeen a positive and a negative electrodes of the voltage 
source 15, in Which a contact betWeen Rsl and Rs2 is 
connected to a contact O betWeen Q1 and Q2. The capacitor 
Cs is charged up to a starting voltage by the voltage source 
15 that feeds a voltage to the capacitor Cs through the 
resistors Rsl and Rs2. BetWeen a gate terminal of Q2 and a 
contact betWeen Rs2 and Cs is provided a bi-directional 
thyristor 17 called “SIDAC” (Silicon Diode for Alternating 
Current), Which is served as a breakover voltage type sWitch. 
In this starting circuit, if the voltage of the starting capacitor 
Cs is equal to or loWer than the breakover voltage of SIDAC 
17, the SIDAC 17 is off, When the resonant capacitor Cr is 
charged by the voltage source 15 through the resistor Rsl. 
When the voltage of the starting capacitor Cs reaches the 
breakover voltage, the SIDAC 17 changes the off state into 
an on state, in Which the charges stored in Cs are moved to 
the capacitance betWeen the gate and the source of Q2. As 
a result, the sWitching element Q2 is turned on so that the 
voltage charged in the resonant capacitor Cr alloWs the 
current to flow through the resonant load circuit, thereby 
enabling the sWitching elements Q1 and Q2 to alternately 
start the sWitching operation. In the constant operating state, 
for suppressing the action of the starting circuit, it is 
necessary to suppress the voltage of the starting capacitor Cs 
to the breakover voltage or loWer of the SIDAC 17. In the 
constant operating state, a voltage at the contact O betWeen 
Q1 and Q2 corresponds to an alternate voltage of the 
positive and the negative electrodes of the voltage source 15. 
Hence, the time constant of the resistor Rs2 and the capaci 
tor Cs may be set so that the voltage of Cs is loWer to the 
breakover voltage of the SIDAC 17 or lower. 
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6 
In turn, the gate circuit Will be described in detail. For this 

description, the gate circuit on a high voltage side is used. If 
the gate circuits are equivalently eXpressed, each gate circuit 
may be distinguished on the state of the Zener diode 
connected to each sWitching element. FIG. 4 shoWs an 
equivalent circuit provided When the Zener diode is turned 
on. Letting RZ denote an internal resistor of the Zener diode, 
the resistor R2 is connected in series With the phase shift 
means L1 and Rdl. In FIG. 4, a synthetic impedance Zg of 
the resistor R2 and the phase shift means Rdl and L1 is 
inductive. In this case, the current ig ?oWing through L1, 
Rdl, and R2 indicates a lagged phase rather than the voltage 
Vcl of the capacitor With the contact O as a reference level. 
On the other hand, When the Zener diode is off, the equiva 
lent circuit corresponds to the circuit shoWn in FIG. 5. 
Letting Ciss be an input capacitance of Q1, Ciss is connected 
in series With the phase shift means L1 and Rdl. In FIG. 5, 
the synthetic impedance Zg of Ciss, L1 and Rdl is capaci 
tive or inductive depending on the relation of the magnitude 
and the frequency betWeen Ciss and L1, or if the reactance 
of Ciss has the same value as that of L1, the synthetic 
impedance is made to correspond to the resistance. Hence, 
the current ig ?oWing the impedance Zg composed of Ciss, 
L1 and Rdl indicates an advance or lagged phase or same 
phase rather than the voltage Vcl of C1 With the contact O 
as a reference level. 

Herein, in the lighting circuit as shoWn in FIG. 3, the 
maXimum value of the current ?oWing through the resonant 
load circuit is variable depending on the lighting state of the 
discharge tube 16. When the discharge tube is not lit, the 
current ?oWing through the circuit is made larger, so that the 
voltages Vcl and Vc2 of the capacitors C1 and C2 are 
increased. Letting VZ be a Zener voltage of the Zener diode 
connected to Q1, if Vcl eXceeds VZ, the Zener diode is in 
the on state, in Which case the gate circuit is made to 
correspond to the equivalent circuit shoWn in FIG. 4. After 
the discharge tube is lit, the current ?oWing through the 
circuit is reduced, so that the voltages Vcl and vc2 of the 
capacitors C1 and C2 are reduced accordingly. If Vcl and 
Vc2 are equal to or loWer than VZ, the gate circuit is made 
to correspond to the equivalent circuit shoWn in FIG. 5. 
Herein, the voltage of Ciss is equal to the voltage applied 
betWeen the gate and the source of Q1. The voltage has a 
Waveform lagged by 313/2 [rad] rather than the current ?oWing 
through the pass of L1, Rdl and Ciss. Letting iL be current 
?oWing through the resonant load circuit, vc denote a 
voltage of C1, and vg denote a voltage betWeen the gate and 
the source, il, vc and vg may be represented as folloWs. 

iL : 1m sin wt 

Herein, letting Z be a synthetic impedance of the circuit 
shoWn in FIG. 5 and Zg be impedance of Ciss, L1 and Rdl 
of the circuit shoWn in FIG. 5, (1)2 denote a phase difference 
betWeen iL and vc, and (pg denote a phase difference betWeen 
iL and vg. (1)2 is variable depending on the impedances of the 
voltage drop means Z1, Z2 and the phase shift means Z3, Z4. 
As stated above, (pg may be a positive value or a negative 
one depending on the characteristic of the impedance Zg 
composed of ciss, L1 and Rdl of the gate circuit. 

Next, the operation of the circuit shoWn in FIG. 3 Will be 
described With reference to FIG. 6. FIG. 6 represents a 




















